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SECTION  I 


BACKGROUND 


The  High  Pressure  Particulate  Physics  Facility  (HP3  Facility)  is  being  developed  to 
investigate  strategic  materials  to  meet  USAF  needs.  Examples  of  materials  under  investigation 
will  include  warhead  metals  (1),  high  density  liner  materials  (2),  air  force  explosives  (3),  reactive 
materials  (4),  structural  energetics  (5),  and  high  strength  concrete  (6).  To  obtain  accurate 
equation  of  state,  one  needs  to  measure  the  impact  velocity,  V,  of  the  projectile  plate  to  within 
0.1%.  The  resulting  shock  velocity,  U,s  must  be  detennined  to  within  1%.  Using  Rankine- 
Hugoniot  (7),  (8)  relations  namely, 


P  =  p  Us  up  1) 

^7=1- up /Us  2) 


where  up  is  the  particle  velocity  in  the  material,  P  is  the  stress  and  V/Vo  is  the  resulting  volume 
compression  in  the  material.  Hence,  to  measure  stress  and  volume  compression  to  a  high  degree 
of  accuracy  it  becomes  necessary  to  measure  the  shock  velocity  and  the  particle  velocity  very 
precisely.  For  symmetric  impact  experiments  (9)  where  the  projectile  and  the  target  materials  are 
the  same  the  particle  velocity  will  be  one  half  of  the  impact  velocity.  Precision  gun  (10)  impacts 
allow  a  square  pulse  input  to  be  introduced  into  the  material.  The  design  of  the  projectile  nose 
plate  can  be  used  to  tailor  the  input  pulse.  For  example,  the  thickness  of  the  projectile  plate  will 
detennine  the  pulse  width  that  is  introduced  in  the  material  (11).  The  nose  plate  backed  by  a  low- 
impedance  or  high-impedance  material  will  introduce  a  release  wave  or  re-shock  wave  in  the 
material.  Re-shock/release  wave  experiments  are  necessary  tools/techniques  to  probe  material 
properties  in  the  shocked  state.  A  series  of  layered  materials  will  allow  isentropic  loading  of  the 
material  mimicking  ramp  loading  in  the  material. 
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Figure  1.  Examples  of  stress  pulses  that  can  be  introduced  in  a  material  using  smooth  bore 
guns. 

To  complement  well-controlled  loading  conditions,  nanosecond  time  resolution 
diagnostics  are  required.  Therefore,  state  of  the  art  diagnostic  tools  such  as  Velocity 
Interferometer  System  for  Any  Reflector  (VISAR)  (12),  or  Photonic  Doppler  Velocimetry  (PDV) 
(13),  shall  be  the  dominant  tool  used  in  these  experiments.  The  responses  captured  from  these 
diagnostics  will  be  either  at  the  free  surface,  or  at  an  interface  of  a  transparent  window. 

Once  the  particle  velocity  and  shock  velocity  of  the  material  is  acquired,  all  other 
properties  of  the  material  can  be  detennined  including,  strain/density,  or  volume  compression 
and  stress  as  described  above.  The  locus  of  the  material  end  states  define  the  material’s  equation 
of  state,  also  known  as  the  shock  Hugoniot. 

There  would  be  very  little  variation  in  the  shock  Hugoniot  state  if  the  material  under 
investigation  were  homogeneous  (14).  However,  many  materials  described  above  they  are 
intrinsically  heterogeneous  in  their  make-up  and  it  is  anticipated  that  a  heterogeneous  response 
would  be  observed  (15)  (16).  It  is  our  intent  to  characterize  this  response  when  investigating  non- 
homogeneous  materials. 
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SECTION  II 


Description  of  Facility 


The  HP3  Facility  is  located  in  Building  9633  at  the  Advanced  Warhead  Experimentation 
Facility  (AWEF)  at  Range  C-64C,  Eglin  Air  Force  Base,  Florida.  The  building  was  modified  to 
house  the  60mm  bore  gun,  a  catch  tank  and  related  accessories  that  are  necessary  to  operate  the 
facility  and  conduct  experiments.  This  includes  vacuum  systems,  a  hardened  and  armored  control 
room,  sample  preparation  room  and  a  lapping  room.  A  schematic  of  the  system  is  shown  in 
Figure  2. 


i>cale  =  Building  (S767K.)  construction 

1 0  ft  complete  in  June  climate  controlled 

environment 


Revision  F 


Figure  2  Floor  plan  of  the  HP3  Facility 


The  60  mm  ballistic  launcher  has  an  outside  diameter  of  8  inches,  and  runs  45  feet  long 
from  breech  to  barrel  extension.  It  was  reclaimed  from  a  gun  that  was  previously  utilized  at  C-64 
C.  The  gun’s  new  breech  is  rated  at  90  ksi  maximum  dynamic  pressure.  A  gun  barrel  extension 
was  permanently  attached  to  the  gun  barrel  and  was  made  to  prevent  damage  to  the  main  barrel 
from  fragments  resulting  from  project/target  interactions. 
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The  projectile  will  be  accelerated  using  M30  propellant  powder  which  will  be  energized 
using  a  standard  percussion  initiation  system.  The  entire  system  meaning  the  gun  barrel  and  the 
catch  tank  will  be  evacuated  prior  to  impact  experiments.  This  is  done  to  prevent  pre¬ 
compression  of  the  target  sample  that  will  be  mounted  at  the  muzzle  end.  Impact  velocities  over 
the  range  of  500  m/s  to  2200m/s  are  anticipated.  Figure  3  shows  the  layout  of  the  integrated 
equipment. 


Gun  Breech 


Gun  Barrel 


Recoil  System 


Data  Feed 


Catch  Tank 


Vacuum 

System 


Figure  3  General  equipment  lay  out  of  HP3  integrated  system. 


Figure  4  is  an  artist’s  rendering  of  a  cross-sectional  view  of  the  catch  tank.  The  gun  barrel 
is  inserted  through  the  sliding  seal,  and  diagnostics  are  connected  via  feed-through.  The  back  of 
the  catch  tank  features  a  series  of  steel  plates  connected  to  a  large  door,  which  is  moved  by  air 
bearings. 
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Catch  Plate 
Assembly 


Feed  Through 


Sliding  Seal 


Figure  4  Artist’s  rendering  of  a  cross  section  of  the  fully  assembled  catch  tank. 
Lower  right,  photograph  of  catch  tank. 


The  catch  tank  is  where  the  projectile  shall  impact  the  target.  It  has  a  volume  of  400 
standard  cubic  feet,  and  is  rated  for  2000  psi.  The  sliding  seal,  which  couples  the  gun  to  the  catch 
tank,  maintains  the  vacuum  in  the  catch  tank. 

The  projectile-target  interaction  zone  is  located  30  inches  behind  the  barrel  entrance  into 
the  catch  tank  and  is  collocated  on  the  centerline  of  the  catch  tank.  The  debris  from  the  projectile 
target  interaction  is  stopped  using  a  catch  plate  assembly  located  at  the  rear  of  the  catch  tank. 

The  catch  plate  assembly  consists  of  four  V"  thick  steel  plates  and  four  V”  thick  steel  plates 
suspended  by  a  rack  system  that  is  attached  to  the  door  of  the  catch  tank.  Figure  5  shows  the  rear 
view  of  the  catch  tank.  Access  is  needed  inside  the  catch  tank  to  set  up  the  experimental  target. 

The  target  mounting  assembly  is  shown  in  Figure  6.  It  is  designed  to  allow  projectile 
target  interaction  to  occur  with  minimal  impact  misalignment  (17).  Techniques  have  been 
developed  to  ensure  that  the  target  mount  is  precisely  normal  to  the  projectile  trajectory  (i.e.  the 
barrel  axis).  Identified  in  Figure  6  are  the  mounting  plate  (green),  the  target  alignment  ring 
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(grey)  and  the  target  plate  (silver).  The  entire  assembly  is  mounted  on  a  table.  On  the  left  of 
Figure  7  shows  an  artist  rendering  of  a  projectile  impact,  with  the  target  assembly  mounted  on 
the  table.  On  the  right  of  Figure  7,  the  target  mount  and  the  alignment  ring  are  installed  at  the 
muzzle  end  of  the  barrel.  This  assembly  is  crucial  and  is  a  significant  part  of  the  high  precision 
requirements  of  the  projectile  target  interaction  since  impact  planarity  of  the  order  of  a  few  milli- 
radians  are  anticipated. 


Figure  5  Rear  View  of  Catch  Tank 


Figure  6  Artists  rendering  of  target  mounting  plate  (green),  alignment  ring  (grey),  target  plate 
(silver).  Fully  assembled  target,  which  consists  of  the  mounting  plate,  alignment  ring  and  target 
plate  without  the  materials  sample. 


Figure  7  rendering  of  projectile  target  interaction  (impact)  is  shown.  On  right,  the  target 
mount  installed  at  gun  barrel  muzzle. 


In  Figure  8,  a  standard  projectile  is  shown.  The  standard  projectile  consists  of  an 
obturator  (boot),  the  projectile  body  and  two  metallic  plates,  one  at  either  end.  The  front  plate 
metallic  plate  holds  a  standard  impacter  material.  Standard  impacters  will  consist  of  either 
ploymethylmethacrlate  (PMMA),  fused  silica,  sapphire,  aluminum,  copper,  steel  or  tantalum. 
The  low  density  materials  will  generate  a  lower  pressure/stress  upon  impact,  while  the  high 
density  materials  will  introduce  higher  stresses  at  the  same  impact  velocity. 
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Figure  8  The  projectile  design  consists  of  a)  the  polyethylene  boot,  b)  end  metallic  plate,  c) 
projectile  body,  d)  front  metallic  plate,  and  e)  impacter  facing/assembly  that  is  of  interest  in 
the  experiment. 


As  indicated  in  the  above  pictures,  a  projectile  will  be  traversing  the  length  of  the  gun 
barrel  and  will  impact  a  stationary  target  at  the  end  of  the  muzzle.  We  have  also  designed  the 
projectile  body  that  will  carry  an  impacter  facing  on  its  nose.  The  main  requirements  of  the 
projectile  body  is  that  it  can  withstand  the  acceleration  loads  of  the  order  of  104  and  105  gee 
loadings  as  it  is  accelerated  through  the  launch  tube.  It  also  has  to  prevent  the  propellant  gaseous 
products  from  blowing  by  (10)  ahead  of  the  projectile  as  it  is  being  accelerated.  To  achieve  these 
objectives  we  have  used  a  proven  design  used  at  other  facilities  (18).  It  consists  of  three  main 
parts:  1)  a  high  density  polyethylene  boot  that  can  withstand  these  loads  and  will  dynamically 
deform  to  confonn  to  the  dimensions  of  the  barrel  to  prevent  gas  blow-by,  2)  a  projectile  body 
constructed  of  linen-phenolic  composite,  3)  metal  end  plates.  The  metal  plate  in  the  back  allows 
us  to  attach  the  polyethylene  boot  while  the  impacter  assembly  is  attached  or  glued  on  to  the 
front  end  plate. 


The  Data  Acquisition  System  (DAS)  is  based  on  the  state  of  the  art  National  Instruments  PXI 
system.  The  architecture  provides  the  industry’s  highest  bandwidth  and  lowest  latency  and  highest 
resolution  up  to  26.5  GHz.  The  PXI  architecture  can  address  automated  experimental  needs  in  a  very 
small  frame.  The  chassis  of  the  system  is  small  enough  to  fit  on  the  desktop,  and  has  enough  flexibility, 


such  that  oscilloscope  temporal  resolution  can  be  switched  out  simply  by  changing  oscilloscope  cards. 
The  system  provides  a  software  interface,  a  switch  block  that  minimizes  wiring  and  simplifies 
connectivity,  while  allowing  for  intelligent  integration  with  other  software  for  data  analysis.  Table  1 
describes  a  sample  list  of  common  expected  diagnostics  that  will  be  used.  It  is  armed  with  1 00MHz  and 
2GHz  oscilloscope  cards  with  20  available  channels. 

Table  1  Data  acquisition  capability.  Breech  pressure  is  monitored  by  the  control  circuit 


Signal 

Source 

#  of  Source 
Channels 

Minimum 
Sample  Rate 

Multiplexed 

(Y/N) 

#  of  Data 
Channels 

Velocity  Pins 

3 

100MHz 

Y 

1 

Tilt  Pins 

4 

100  MHz 

Y 

1 

Breech  Pressure 

1 

100  KHz 

N 

2 

VISAR 

12 

2  GHz 

N 

12 

Configurable 

4 

2  GHz 

N 

4 

The  data  acquisition  system  acquires  all  electrical  signals  from  the  catch  tank.  High  resolution 
information,  such  as  shock  wave  and  particle  velocities  are  obtained  via  fiber  optic.  Lower  resolution, 
such  as  impact  velocity  and  planarity  are  obtained  by  copper  wire.  In  the  future  x-ray  cinematography, 
line  VISAR  and  time  indexed  spectroscopy  are  planned. 


SECTION  III 

SUMMARY 


We  are  developing  a  facility  called  the  HP3,  in  which  investigations  into  dynamic  material 
responses  to  impact  velocities  around  500m/s  to  220m/s  shall  occur.  These  are  commensurate  with 
ordnance  velocities  of  interest  not  only  to  our  Air  Force  needs  but  also  to  the  entire  DoD.  This  will  be  a 
unique  facility  to  the  Air  Force  that  allows  well-controlled  experiments  to  be  conducted  at  extremely  high 
precision.  Determining  an  accurate  equation  of  state  of  materials  requires  sudden  high  stress  loading  in 
well  controlled  impact  conditions.  We  have  successfully  refurbished  an  existing  powder  gun  that  shall 
meet  the  velocity  requirements.  Further,  we  have  designed  the  necessary  accessories  such  as  the  catch 
tank,  vacuum  system,  firing  systems,  projectiles,  and  target  mounting  systems  that  shall  accomplish  the 
precise  alignment.  The  gun  system  shall  be  complemented  by  state  of  the  art  diagnostics  such  as  VISAR 
or  PDV  velocity  interferometers,  which  provide  the  necessary  temporal  resolution  on  the  order  of 
nanoseconds.  The  data  acquisition  system  is  compatible  with  the  high  band  width  requirements  of  shock 
physics  to  detect  elastic  and  plastic  deformation  as  materials  undergo  high  velocity  impact. 


9 


References 

1.  M.  Dilmore,  J.D.  Ruhlman.  Eglin  steel-a  low  alloy  high  strength  compsotion.  7557727  USA,  05  26, 
2009. 


2.  D.  W.  Pratt,  D.  S.  Wesson,  J.K.  Rouse.  Shaped  Charge  Liner.  6655291  USA,  02  26,  2003. 

3.  R.  L.  McKenney,  B.L.  Allmon.  Air  Force  Explosives  Database.  Egllin  AFB  :  Air  Force  Research 
Faboratory,  Munitions  Directorate,  Ordnance  Division,  Energetic  Materials  Branch,  2004.  AFRL-MN- 
ER-TR-2004-7 1 07. 

4.  D.  W.  Richards,  M.P.  Kramer,  W.H.  Wilson.  Development  and  Characterization  of  Advanced 
Energetic  Composite  (AEC)  Reactive  Materials.  Eglin  AFB  :  Air  Force  Research  Faboratory,  Munitions 
Directorate,  Ordnance  Division,Energetic  Materials  Branch,  2004.  AFRF-MN-EG-TR-2004-7013. 

5.  C.  E.  Shanholtz,  S.  J.  Riley.  Structural  Energetic  Material.  0281968  US,  December  22,  2005. 

6.  Ku,  R.  Super  High  Strength  Concrete.  20020117090  US,  09  17,  2002. 

7.  On  the  thermodynamic  theory  of  waves  of finite  longitudinal  disturbances.  Rankine,  W.  J.  M.  p277- 
288,  Fondon  :  s.n.,  1870,  Philisophical  Transactions  of  the  Royal  Society  of  Fondon,  Vol.  160. 

8.  Memoir e  sur  la  Propagation  des  Mouvements  dans  les  Corps  et  specialement  dans  les  Gaz  Parfaits. 
Hugoniot,  P.  H.  Paris  :  s.n.,  1887,  Journal  de  l'Ecole  Polytechnique,  Vol.  57,  pp.  3-97. 

9.  Davis,  J.R.  Tensile  Testing,  s.l.  :  ASM  International,  2004.  p.  256. 

10.  L.C.  Chhabilidas,  L.  Davison,  Y.  Horie  editors.  The  Science  and  Technology  of  High  Velocity 
Impacts.  High-Preussure  Shock  Compression  of  Condensed  Matter  VIII.  Berlin  Hiedelberg  :  Springer- 
Verlag,  2005. 

11.  Elastic  Shock  Response  and  Spall  Strength  of  Concrete.  M.E.  Kipp,  L.C.Chhabildas,  W.  D. 
Reinhart,  s.l.  :  The  American  Institute  of  Physics,  1998.  1-56396-738-3/98. 

12.  The  Accuracy  OfVISAR  Instrumentation.  Barker,  L.M.  s.l.  :  American  Institute  of  Physics,  1997, 
Vol.  CP  429  Shock  Compression  of  Condensed  Matter.  1-56396-738-3/98. 

13.  Compact  System  For  High-Speed  Velocimetiy  Using  Heterodyne  Techniques.  O.T.  Strand,  D.R. 
Goosman,  C.  Martinez,  T.L.  Whitworth  and  W.W.  Kuhlow.  Fivermore  :  Review  of  Scientific 
Instrumentation,  2006,  Vol.  77.  083108  . 

14.  Shock  Loading  of  Polycry  staline  Alumina  and  Sapphire- A  Comparitive  Study.  G.  Kleiser,  L. 
Chhabildas,  W.  Reinhart,  no. 8,  Nashville  :  American  Physical  Society,  2009,  Vol.  Shock  Compression 
of  Condensed  Matter  Vol.54.  E4. 00001. 

15.  Polyurthane  Foam  Impact  Experiments  and  Simulations.  M.E.  Kipp,  L.C.  Chhabildas,  W.D. 
Reinhart,  M.K.  Wong.  s.l.  :  American  Institute  of  Physics,  2000.  1-56396-923-8. 


10 


16.  High  Velocity  Uniaxial  Strain  Response  of  Erg  Aerospace  Aluminum  Foam.  W.R.  Maines,  L.C. 

Chhabildas,  W.  Reinhart,  T.  Thornhill.  Belleview  :  ASME,  2010.  PVP  2010-25060. 

17.  H.F.  Swift,  D.  E.  Strange.  Target  Alignment  Techniques  for  Planar  Impact  Studies.  Internal 
Memorandum.  Dayton  :  Physics  Applications,  Inc. 

18.  J.  R.  Asay,  L.C.  Chhabilidas,  L.M.Barker.  Projectile  and  Impacter  Designs  for  Plate-Impact 
Experiments,  s.l.  :  Sandia  National  Laboratories,  1985.  SAND85-2009. 


11 


DISTRIBUTION  LIST 
AFRL-RW-EG-TM-201 1-048 


Defense  Technical  Information  Center  1  Electronic  Copy 
Attn:  Acquisition  (OCA) 

8725  John  J.  Kingman  Road,  Ste  0944 
Ft  Belvoir,  VA  22060-6218 


EGLIN  AFB  OFFICES: 

AFRL/RWOC  (STINFO  Office)-  1  Hard  (Color)  Copy 

AFRL/RW  CA-N  -  STINFO  Officer  Provides  Notice  of  Publication 


